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(54) LIGHTING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a lighting device 
capable of getting a lighting part close to a work and 
lighting the work at a high lighting illuminance without 
enlarging the diameter of the lighting part, and of 
efficient lighting without center drop of light on a lighted 
surface even if the lighting part and the work are far 
apart 

SOLUTION: This lighting device enters light from a 
discharge lamp into an incident end of a light guide F and 
concentrates light emitted from an emission end of the 
light guide F on a lighted surface by a projection optics 
system, and lights a work arranged on the lighted 
surface. The projection optics system is comprised of a 
rod lens 40 having spherical surfaces of the same radius 
of curvature on both ends, a plano-convex lens 50 or a 
both-side convex lens. Also, this projection optics 
system is constructed with the rod lens having spherical 
surface on both ends and a radius of curvature of the 
emission end spherical surface of the rod lens is kept 
smaller than the radius of curvature of the incident end spherical surface. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Condense the light emitted from the discharge lamp by the mirror, and incidence of the 
light which condensed is carried out to the incidence edge of the light guide arranged on the 
optical axis of a mirror. In the tight irradiation device which irradiates the irradiated object which 
condensed the above-mentioned light which carries out outgoing radiation from the outgoing 
radiation edge of a light guide to the irradiated plane according to projection optics, and has been 
arranged at the irradiated plane said projection optics The light irradiation device characterized 
by having the spherical surface with the same radius of curvature to both ends, and consisting of 
a rod lens arranged by an incidence edge approaching the outgoing radiation edge of this light 
guide, and the planoconvex or the biconvex lens arranged by approaching the outgoing radiation 
edge of this rod lens. 

[Claim 2] Condense the light emitted from the discharge lamp by the mirror, and incidence of the 
light which condensed is carried out to the incidence edge of the light guide arranged on the 
optical axis of a mirror. In the light irradiation device which irradiates the irradiated object which 
condensed the above-mentioned light which carries out outgoing radiation from the outgoing 
radiation edge of a light guide to the irradiated plane according to projection optics, and has been 
arranged at the irradiated plane said projection optics The light irradiation device characterized 
by the radius of curvature of the spherical surface of the outgoing radiation edge of this rod lens 
being smaller than the radius of curvature of the spherical surface of an incidence edge by the 
both ends where the incidence edge has been arranged by approaching the outgoing radiation 
edge of this light guide consisting of a rod lens of the spherical surface. 

[Claim 3] The light irradiation device according to claim 1 or 2 characterized by irradiating said 
light at said irradiated object with which ultraviolet curing adhesives were applied. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the light irradiation device suitable for irradiating 
the light which includes ultraviolet rays to the field of the still narrower range about the light 
irradiation device which irradiates the irradiated object (work piece) which drew the light emitted 
from a discharge lamp by the light guide, and has been arranged at the irradiated plane, and 
performs optical processing, and performing ultraviolet treatment 
[0002] 

[Description of the Prior Art] Irradiate the adhesives applied to the work piece, a coating, ink, a 
resist etc., and they are made to harden the light by which outgoing radiation is carried out from 
a light irradiation device, or making it dry is performed. Moreover, conversely, melting of these is 
carried out or various processings of making it soften etc. are performed. And it is necessary to 
irradiate light in a minute region, and in adhesion of the pickup lens for optical disks by ultraviolet 
curing mold adhesives, and adhesion to the substrate of electronic parts etc., it leads by the light 
guide constituted [ optical fibers / many ] by bundling in the light of a discharge lamp, and it 
irradiates a minute region. 

[0003] Drawing 1 shows an example of the internal configuration of the light irradiation device for 
irradiating a minute region. It is fixed to an attachment component 30, and the mirror 20 is being 
fixed to the attachment component 30 where a discharge lamp 1 0 is also inserted in the through 
tube 21 of a mirror 20. A discharge lamp 10 is a discharge lamp of short arc molds, such as a 
xenon lamp and an extra-high pressure mercury lamp, and opposite arrangement of cathode 1 1 
and the anode plate 12 is carried out within luminescence. A cross-section configuration is an 
ellipse form and, as for a mirror 20, the luminescent spot of the light-emitting part between the 
cathode 11 of a discharge lamp 10 and an anode plate 12 is located in the 1st focus of a mirror 
20. Usually, the luminescent spot of a light-emitting part is near a cathode tip. A light guide F is 
arranged on the optical axis L of a mirror 20. and the incidence edge Fin of a light guide F is 
located in the 2nd focus of a mirror 20. Moreover, Shutter St is arranged between the incidence 
edge Fin of a light guide F, and the discharge lamp 10, and if Shutter St is opened, incidence of 
the light condensed by the mirror 20 will be carried out to the incidence edge Fin of a light guide 
F. And the light which carried out outgoing radiation from the outgoing radiation edge Fou of a 
light guide F is irradiated by lens components, a substrate, etc. with which the work piece which 
performs optical exposure processing arranged to the optical exposure field in an irradiated 
plane, for example, ultraviolet curing mold adhesives, was applied. 

[0004] In this light irradiation device, since the through tube 21 is formed in the central part of a 
mirror 20 as described above, only the light shown with the dotted-line slash in drawing 1 carries 
out incidence of the light which the reflected light does not exist in this part but is reflected by 
the mirror 20 to the incidence edge Fin of a light guide F. That is, a big light of whenever 
[ incident angle ] carries out many incidence to the incidence edge Fin. and incidence of the 
small light near 0 degree which is whenever [ incident angle ] is hardly carried out to it 
[0005] The light which carried out incidence to the incidence edge Fin of a light guide F repeats 
reflection, where an include angle is held as a property of an optical fiber, and it transmits the 



inside of a light guide R and it carries out outgoing radiation from the outgoing radiation edge 
Fou at the same include angle as an incident angle. Since a big light of whenever [ incident 
angle ] carries out many incidence to a light guide F as described above, light with the big 
outgoing radiation include angle shown with the dotted-line slash in drawing 1 carries out many 
outgoing radiation of the light which carries out outgoing radiation from the outgoing radiation 
edge Fou. Here, if the distance d of the outgoing radiation edge Fou of a light guide F and the 
irradiated plane by which a work piece is arranged is short, since the light near 0 degree with a 
small outgoing radiation include angle has the magnitude of [ to some extent ] phiSmm or 
phi3.5mm in the diameter of convergence of the optical fiber of a light guide F at least, the 
central illuminance of the illuminance distribution of an irradiated plane will be high, and it will 
become as low Yamagata as a periphery. 

[0006] However, if the distance d of the outgoing radiation edge Fou of a light guide F and an 
irradiated plane becomes large, compared with a periphery, a center section will become low, and 
the phenomenon called ''Extract inside'' will produce the illuminance of the exposure field in an 
irradiated plane. Drawing 2 shows the relation of '^extract inside" with the distance d of the 
outgoing radiation edge Fou of a light guide F, and an irradiated plane, when the diameter of 
convergence of an optical fiber is phi3.5mm, but if distance d is set to 20mm or more, the 
phenomenon "extracted inside" will become remarkable. And distance d of the outgoing radiation 
edge Fou of a light guide F and the irradiated plane by which a work piece is arranged is set to 
20mm or more in many cases from the relation of carrying in of the magnitude of a work piece, a 
configuration, and a work piece, and path clearance with a taking-out device etc. 
[0007] In order to shorten the optical processing time, it is necessary to process with a high 
illuminance. However, if small work pieces, such as a pickup lens for optical disks, are arranged in 
the center of an exposure field when the distance of the outgoing radiation edge Fou and the 
irradiated plane by which a work piece is arranged is long, the illuminance of the light irradiated 
by the work piece for the phenomenon "extracted inside" will become low, and the processing 
time will become long. For this reason, a work piece is shifted from the center of an exposure 
field, and the illuminance is arranging and irradiating the periphery of a high exposure field. 
However, if the distance d of the time of carrying out optical processing of the work piece of a 
difTerent class, and the outgoing radiation edge Fou of a light guide F and the irradiated plane by 
which a work piece is arranged is changed, it is necessary to measure the illumination 
distribution of an irradiated plane each time, to ask for the location where an illuminance 
becomes the highest, and to set up suitably so that a work piece may come to the location, 
moreover — since the field where an illuminance is high is the periphery of an exposure field and 
the range is narrow — precision — good — a work-piece location — doubling — being crowded 
— stage picking — time and effort and time amount were required for changing. 
[0008] 

[Problem(s) to be Solved by the Invention] In order to cancel this phenomenon "extracted 
inside", it is possible to condense the light which carries out outgoing radiation from the outgoing 
radiation edge of a light guide to an irradiated plane in projection optics, and to irradiate the work 
piece arranged at the irradiated plane. In this case, since the illumination distribution of the 
outgoing radiation edge of a light guide is projected on an irradiated plane in projection optics, 
while being able to irradiate light efFiciently to the field which needs an exposure in an irradiated 
plane, the phenomenon of illumination distribution "extracted inside" is cancelable. 
[0009] Using the lens unit which combined two or more lenses as the above-mentioned 
projection optics for JP,64-75067,A is indicated. Drawing 3 shows an example of the lens unit LU 
which consists of the 1st lens LI and the 2nd lens L2, the lens unit LU is attached in a light 
guide outgoing radiation edge, and the optical exposure section is constituted. In drawing 3 , the 
light which carried out outgoing radiation from the outgoing radiation edge Fou of a light guide F 
has fixed breadth according to the numerical aperture NA of the optical fiber which forms a light 
guide F. for example, the case of the optical fiber made from quartz glass — numerical-aperture 
NA= — it is about 0.22 and the angle of divergence in the air is equivalent to about 12.7 degrees. 



[0010] Here, if the lenses LI and L2 of the lens unit LU are brought close to the outgoing 



radiation edge Fou of a light guide F, the scale factor projected on an irradiated plane by the lens 
unit LU will become large. That is, since the projected area in an irradiated plane becomes large, 
the illuminance of the whole exposure field becomes low. Therefore, in order to irradiate a 
narrow field with a high illuminance, only predetermined distance needs to separate the lenses LI 
and L2 of the lens unit LU from the outgoing radiation edge Fou of a light guide F. And in order 
to use effectively the light which carried out outgoing radiation from the outgoing radiation edge 
Fou of a light guide F, most light which spread in about 12.7-degree above mentioned angle of 
divergence must be condensed with a lens, but for that purpose, as shown in dr awin g 3 , it is 
necessary to enlarge the diameter of a lens of the lens unit LU. For this reason, the diameter of 
a lens unit containing the holder H holding a lens becomes quite larger than the path of a light 
guide F, and the configuration of the optical outgoing radiation section is enlarged. In addition, 
since it is necessary to lengthen distance from the outgoing radiation edge Fou of a light guide F 
to a lens also when lengthening distance of a lens and an irradiated plane, as described above, a 
lens system becomes large and the configuration of the optical outgoing radiation section is 
enlarged. 

[001 1] Although the fixture for fixing a work piece may have enclosed the surroundings of it in 
actual optical exposure processing or it may be located in the inside where the part which 
irradiates light was surrounded by other components mounted in the substrate Anyway, if the 
, configuration of the optical outgoing radiation -section is large-sized, the optical outgoing 

radiation section cannot be made to be fully able to approach the part which irradiates the light 
of a work piece, and cannot be irradiated, but there is fault which cannot obtain desired 
irradiance. 

[0012] Then, this invention aims at offering the light irradiation device [ it is possible for the path 
of the optical outgoing radiation section not to be enlarged, to make the optical outgoing 
radiation section approach a work piece, and to carry out an optical exposure with high 
irradiance, and ] which there is "no extract inside" even if the optical outgoing radiation section 
and a work piece are separated, and can carry out an optical exposure efficiently. [ of the light 
irradiated by the irradiated plane ] 
[0013] 

[Means for Solving the Problem] In order to attain this purpose, invention of claim 1 Condense 
the light emitted from the discharge lamp by the mirror, and incidence of the light which 
condensed is carried out to the incidence edge of the light guide arranged on the optical axis of 
a mirror. In the light irradiation device which irradiates the work piece which condensed the light 
which carries out outgoing radiation from the outgoing radiation edge of a light guide to the 
irradiated plane according to projection optics, and has been arranged at the irradiated plane It 
has the spherical surface with the same radius of curvature to both ends, and projection optics 
consists of a rod lens by which the incidence edge has been arranged by approaching the 
outgoing radiation edge of a light guide, and the planoconvex or the biconvex lens arranged by 
approaching the outgoing radiation edge of this rod lens. Moreover, the both ends where the 
incidence edge has been arranged by approaching the outgoing radiation edge of a light guide 
constitute this projection optics from a rod lens of the spherical surface, and invention of claim 2 
makes the radius of curvature of the spherical surface of the outgoing radiation edge of a rod 
lens smaller than the radius of curvature of the spherical surface of an incidence edge. 
Furthermore, invention of claim 3 uses the light irradiation device equipped with the projection 
optics constituted as mentioned above, in order to harden ultraviolet curing mold adhesives. 
[0014] 

[Embodiment of the Invention] Below, based on a drawing, the gestalt of operation of this 
invention is explained concretely. Drawing 4 is the sectional view of the example of the optical 
outgoing radiation section of invention of claim 1. That is. the light source part of the light 
irradiation device of this invention is as being shown in drawing 1 , and has structure which the 
point of the light guide F of drawing 1 R> 1 shows to drawing 4 . In drawing 4 , it arranges and a 
light guide F bundles many optical fibers which consist of quartz glass so that the location in the 
incidence edge Fin of each optical fiber and the location in the outgoing radiation edge Fou may 
become random. The side face of the outgoing radiation edge Fou of this light guide F is covered 



by the joint FJ which is tubed hardware, and the tubed electrode holder H is joined to Joint FJ. 
And in the electrode holder H. the rod lens 40 and plano-convex lens 50 made from quartz glass 
which work as projection optics are held. Here, it is somewhat large in whether the outer 
diameter of a rod lens 40 and a plano-convex lens 50 is almost equal to the diameter of 
convergence of an optical fiber. The example of the diameter of convergence of an optical fiber 
is phi3.5mm, and the outer diameter of Joint FJ is phi9mm. The outer diameter of a rod lens 40 
and a plano-convex lens 50 is [ whether it is the same as phiS.Smm, and ] a little large extent 
therefore — without it makes the outer diameter of an electrode holder H larger than the outer 
diameter of Joint FJ — projection optics — **** — since things are made, the outer diameter 
of the optical outgoing radiation section is not expanded. 

[0015] The both ends of a rod lens 40 are the spherical surfaces, and another [ the plane of 
incidence to which one edge carries out incidence of the light from a light guide F, and ] edge is 
an outgoing radiation side which carries out outgoing radiation of the light which carried out 
incidence. The plane of incidence of a rod lens 40 is approached and prepared in the outgoing 
radiation edge Fou of a light guide F. That is, the plane of incidence of a rod lens 40 contacts the 
outgoing radiation edge Fou of a light guide F, or is held at intervals of [ short ] less than 1mm. 
Radius of curvature R1 of the plane of incidence of a rod lens 40 Radius of curvature R2 of an 
outgoing radiation side It is equal, moreover, the radius of curvature of a plano-convex lens 50 
prepared in the outgoing radiation side side of a rod lens 40 — R3 it is ^ this radius of 
curvature R3 and the radius of curvature R1 (= R2) of a rod lens 40, and the opticahaxis lay 
length of a rod lens 40 are designed according to the distance d to the irradiated plane which 
makes the light which carried out outgoing radiation of the plano-convex lens 50 condense. In 
addition, a plano-convex lens 50 may be a biconvex lens. 

[0016] Although drawing 5 shows the example of the optical outgoing radiation section of 
invention of claim 2. in the electrode holder H, only the rod lens 40 with it is held [ an outer 
diameter almost equal to the diameter of convergence of an optical fiber or and ] [ somewhat 
larger ] The both ends of a rod lens 40 are the radius of curvatures R2 of an outgoing radiation 
side, although it is the spherical surface like the case of the 1st example of the above. Radius of 
curvature R1 of plane of incidence By making it small, it can make it unnecessary to prepare a 
convex lens in the outgoing radiation side of a rod lens 40. And radius of curvature R1 And R2 
The optical-axis lay length of a rod lens 40 is designed according to the distance d to the 
irradiated plane which makes the light which carried out outgoing radiation of the rod lens 40 
condense. 

[001 7] Although a deer is carried out, incidence of the light condensed by the mirror 20 will be 
carried out to the incidence edge Fin of a light guide F and outgoing radiation will be carried out 
from the outgoing radiation edge Fou of a light guide F if the discharge lamp 10 shown in drawing 
1 is turned on and Shutter St is opened As shown in drawing 6 in invention of claim 1, the light 
of the outgoing radiation edge Fou of a light guide F which carried out outgoing radiation from 
the optical fiber of a center section mostly If the maximum outgoing radiation include angle is 
made into 12.7 degrees (equivalent to about 0.22 of NA of a fiber), it will be refracted by the 
plane of incidence of a rod lens 40. and the outgoing radiation side of a rod lens 40 will be arrived 
at with breadth at the include angle of about 8.6 degrees. And outgoing radiation is carried out as 
a light almost parallel to an optical axis from the outgoing radiation side of a rod lens 40. On the 
other hand, since the plane of incidence of a rod lens 40 is a spherical-surface configuration, the 
light which carried out outgoing radiation from the optical fiber of the periphery of the outgoing 
radiation edge Fou of a light guide F is refracted in the direction of an optical axis of a light guide 
F, carries out incidence to a rod lens 40, and reaches the outgoing radiation side of a rod lens 40 
with breadth at the include angle of about 8.6 degrees after that And it laps with the light which 
carried out outgoing radiation from the center section of the light guide F in respect of the 
outgoing radiation of a rod lens 40, and outgoing radiation is carried out from the outgoing 
radiation side of a rod lens 40 at the include angle near 12.7 degrees to an optical axis, in 
addition — a rod lens — 40 — inside — an angle of divergence — whenever — theta — 
' (about 8.6 degrees) — a rod lens — 40 — the quality of the material — it is — quartz glass — 
a refractive index — n — ' (= 1.47) — air — a refractive index — n (= 1) — air — inside — an 



angle of divergence — whenever — theta (12.7 degrees) — from — a Snell's law 
(nsintheta=n'sinthetaO — being based — it can ask . 

[0018] In order to use light most efficiently, as shown in drawing 6 . as for the light which carried 
out incidence to the rod lens 40, it is desirable to spread into the outgoing radiation flat-tapped 
cup of a rod lens 40 in the peripheral face of a rod lens 40. Then, since the quality of the 
material is quartz glass, and whenever [ angle-of-divergence ] is about 8.6 degrees when a path 
is phi3.5mm, the die length of a rod lens 40 is better than about 12mm or 12mm to make it a 
short jar a little. 

[0019] The light which carried out incidence of the light which carried out outgoing radiation from 
the outgoing radiation side of a rod lens 40 to the plano-convex lens 50, and carried out outgoing 
radiation fi'om the plano-convex lens 50 is the radius of curvature R3 of a plano-convex lens 50. 
It is based, and it is refracted and condenses to the optical exposure side of the set-up location. 
Here, the distance d from a plano-convex lens 50 to an irradiated plane is equivalent to the focal 
distance of a plano-convex lens 50. That is, a rod lens 40 and a plano-convex lens 50 commit 
the projection lens which projects the illumination distribution of the outgoing radiation edge Fou 
of a light guide F on an irradiated plane. Moreover, the illuminance distribution of the outgoing 
radiation edge Fou of a light guide F is equalized by the effectiveness of the random arrangement 
of an optical fiber. Therefore, by work of a rod lens 40, even if it lengthens distance d from the 
outgoing radiation section to an irradiated plane, "extract inside'^ does not arise in the^ 
illumination distribution of the exposure field in an irradiated plane. 

[0020] Drawing 8 shows the irradiance distribution curve of the above-mentioned example which 
prepared the projection optics which consists of a rod lens 40 and a plano-convex lens 50 in the 
outgoing radiation edge Fou of a light guide F, and the conventional example shown in drawing 1 
which does not prepare projection optics in the outgoing radiation edge Fou of a light guide F. 
Although the irradiance distribution curve in case the distance d from a plano-convex lens 50 
thru/or the outgoing radiation edge Fou of a light guide F to an irradiated plane is 1 5mm and 
20mm was searched for, the rod lens 40 and the plano-convex lens 50 were designed as the 
aforementioned distance of d= 15mm. Moreover, the diameter of convergence of an optical fiber 
is phi3.5mm. 

[0021] The phenomenon "extract inside" in any [ d= 15mm and d= 20mm ] case was not 
accepted for this example so that drawing 8 might show. And since light was condensed by the 
irradiated plane which is d= 1 5mm, the illuminance of this example of an exposure field center 
section was much larger than the conventional example, and the sharp distribution curve was 
acquired. The illuminance of an exposure field center section being not only lower than this 
example but the phenomenon on the other hand, "be extracted inside" in the conventional 
example in the case of d= 20mm was seen. 

[0022] Although drawing 7 shows one example of the optical-path Fig. of invention of claim 2 
which does not use a plano-convex lens 50, it is the same as drawing 6 which shows the optical- 
path Fig. of invention of claim 1 until the light which carried out incidence to the rod lens 40 
arrives at an outgoing radiation side. However, radius of curvature R2 of the outgoing radiation 
side of a rod lens 40 Radius of curvature R1 of plane of incidence Since it is small, light is 
refracted more greatly than the time of incidence, and outgoing radiation of it is carried out from 
a rod lens 40, and it condenses to the optical exposure side of the set-up location. That is, since 
a rod lens 40 commits the projection lens which projects the illumination distribution of the 
outgoing radiation edge Fou of a light guide F on an irradiated plane, it is and "extract inside" 
does not produce the same effectiveness as having used the plano-convex lens 50 in the 
illumination distribution of the exposure field in an irradiated plane. And since a plano-convex 
lens 50 is not used, components mark can be lessened, and since loss of the light by reflection 
or absorption decreases, an illuminance becomes high. 
[0023] 

[Effect of the Invention] As explained above, since this invention condenses the light which 
carries out outgoing radiation from a light guide to an irradiated plane according to the projection 
optics which consists of a rod lens or a rod lens, planoconvex, or a biconvex lens, also when the 
distance to an irradiated plane is large, the phenomenon "be extracted inside" to illumination 



distribution does not occur, but it can make the irradiance of an exposure field center section 
high. Moreover, it is ^^^^^^ to make the path of a rod lens and planoconvex, or a biconvex lens 
almost equivalent to the path of a light guide by replacing this air space with a rod lens with a 
large refractive index, although there were many rates that the air space between lenses 
occupies between a light guide and a lens and the diameter of a part lens was large 
conventionally. Therefore, in spite of having prepared projection optics in the outgoing radiation 
edge of a light guide, the path of the optical outgoing radiation section is not expanded. For this 
reason, also when the path clearance of the work piece which is an irradiated object, its 
carryingHn device, etc. is small, it becomes possible to make the optical outgoing radiation 
section approach a work piece. Moreover, even if the distance from the outgoing radiation 
section to a work piece becomes large, light without "extract inside" can be irradiated. 
Therefore, even if it can adjust exposure conditions easily and the quality of the material and the 
class of work piece change irrespective of the merits and demerits of the distance from an 
outgoing radiation edge to an irradiated plane, it can respond free to the exposure condition. 



[Translation done.] 



* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to the light irradiation device suitable for irradiating 
the light which includes ultraviolet rays to the field of the still narrower range about the light 
irradiation device which irradiates the irradiated object (work piece) which drew the light emitted 
from a discharge lamp by the light guide, and has been arranged at the irradiated plane, and 
performs optical processing, and performing ultraviolet treatment 
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PRIOR ART 



[Description of the Prior Art] Irradiate the adhesives applied to the work piece, a coating, ink. a 
resist, etc., and they are made to harden the light by which outgoing radiation is carried out from 
a light irradiation device, or making it dry is performed. Moreover, conversely, melting of these is 
carried out or various processings of making it soften etc. are performed. And it is necessary to 
irradiate light in a minute region, and in adhesion of the pickup lens for optical disks by ultraviolet 
curing mold adhesives. and adhesion to the substrate of electronic parts etc., it leads by the light 
guide constituted [ optical fibers / many ] by bundling in the light of a discharge lamp, and it 
irradiates a minute region. 

[0003] Drawing 1 shows an example of the internal configuration of the light irradiation device for 
irradiating a minute region. It is fixed to an attachment component 30, and the mirror 20 is being 
fixed to the attachment component 30 where a discharge lamp 1 0 is also inserted in the through 
tube 21 of a mirror 20. A discharge lamp 10 is a discharge lamp of short arc molds, such as a 
xenon lamp and an extra-high pressure mercury lamp, and opposite arrangement of cathode 1 1 
and the anode plate 12 is carried out within luminescence. A cross-section configuration is an 
ellipse form and, as for a mirror 20, the luminescent spot of the light-emitting part between the 
cathode 11 of a discharge lamp 10 and an anode plate 12 is located in the 1st focus of a mirror 
20. Usually, the luminescent spot of a light-emitting part is near a cathode tip. A light guide F is 
arranged on the optical axis L of a mirror 20, and the incidence edge Fin of a light guide F is 
located in the 2nd focus of a mirror 20. Moreover, Shutter St is arranged between the incidence 
edge Fin of a light guide F, and the discharge lamp 10, and if Shutter St is opened, incidence of 
the light condensed by the mirror 20 will be carried out to the incidence edge Fin of a light guide 
F. And the light which carried out outgoing radiation from the outgoing radiation edge Fou of a 
light guide F is irradiated by lens components, a substrate, etc. with which the work piece which 
performs optical exposure processing arranged to the optical exposure field in an irradiated 
plane, for example, ultraviolet curing mold adhesives. was applied. 

[0004] In this light irradiation device, since the through tube 21 is formed in the central part of a 
mirror 20 as described above, only the light shown with the dotted-line slash in drawing 1 carries 
out incidence of the light which the reflected light does not exist in this part, but is reflected by 
the mirror 20 to the incidence edge Fin of a light guide F. That is, a big light of whenever 
[ incident angle ] carries out many incidence to the incidence edge Fin, and incidence of the 
small light near 0 degree which is whenever [ incident angle ] is hardly carried out to it 
[0005] The light which carried out incidence to the incidence edge Fin of a light guide F repeats 
reflection, where an include angle is held as a property of an optical fiber, and it transmits the 
inside of a light guide F, and it carries out outgoing radiation from the outgoing radiation edge 
Fou at the same include angle as an incident angle. Since a big light of whenever [ incident 
angle ] carries out many incidence to a light guide F as described above, light with the big 
outgoing radiation include angle shown with the dottedHine slash in drawing 1 carries out many 
outgoing radiation of the light which carries out outgoing radiation from the outgoing radiation 
edge Fou. Here, if the distance d of the outgoing radiation edge Fou of a light guide F and the 
irradiated plane by which a work piece is arranged is short, since the light near 0 degree with a 
small outgoing radiation include angle has the magnitude of [ to some extent ] phiSmm or 



phi3.5mm in the diameter of convergence of the optical fiber of a light guide F at least, the 
central illuminance of the illuminance distribution of an irradiated plane will be high, and it will 
become as tow Yamagata as a periphery. 

[0006] However, if the distance d of the outgoing radiation edge Fou of a light guide F and an 
irradiated plane becomes large, compared with a periphery, a center section will become low, and 
the phenomenon called "Extract inside'' will produce the illuminance of the exposure field in an 
irradiated plane. Drawing 2 shows the relation of "extract inside" with the distance d of the 
outgoing radiation edge Fou of a light guide F, and an irradiated plane, when the diameter of 
convergence of an optical fiber is phi3.5mm, but if distance d is set to 20mm or more, the 
phenomenon "extracted inside" will become remarkable. And distance d of the outgoing radiation 
edge Fou of a light guide F and the irradiated plane by which a work piece is arranged is set to 
20mm or more in many cases from the relation of carrying in of the magnitude of a work piece, a 
configuration, and a work piece, and path clearance with a taking-out device etc. 
[0007] In order to shorten the optical processing time, it is necessary to process with a high 
illuminance. However, if small work pieces, such as a pickup lens for optical disks, are arranged in 
the center of an exposure field when the distance of the outgoing radiation edge Fou and the 
irradiated plane by which a work piece is arranged is long, the illuminance of the light irradiated 
by the work piece for the phenomenon "extracted inside" will become low, and the processing 
time will become long..For this reason, a work piece is shifted from the center of an exposure 
field, and the illuminance is arranging and irradiating the periphery of a high exposure field. 
However, if the distance d of the time of carrying out optical processing of the work piece of a 
different class, and the outgoing radiation edge Fou of a light guide F and the irradiated plane by 
which a work piece is arranged is changed, it is necessary to measure the illumination 
distribution of an irradiated plane each time, to ask for the location where an illuminance 
becomes the highest, and to set up suitably so that a work piece may come to the location, 
moreover — since the field where an illuminance is high is the periphery of an exposure. field and 
the range is narrow — precision — good — a work-piece location — doubling — being crowded 
— stage picking — time and effort and time amount were required for changing. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, since this invention condenses the light which 
carries out outgoing radiation from a light guide to an irradiated plane according to the projection 
optics which consists of a rod lens or a rod lens, planoconvex, or a biconvex lens, also when the 
distance to an irradiated plane is large, the phenomenon ''be extracted inside'' to illumination 
distribution does not occur, but it can make the irradiance of an exposure field center section 
high. Moreover, it is ****** to make the path of a rod lens and planoconvex, or a biconvex lens 
almost equivalent^to the path of a light guide by replacing this air space with a rod lens with a 
large refractive index, although there were many rates that the air space between lenses 
occupies between a light guide and a lens and the diameter of a part lens was large 
conventionally. Therefore, in spite of having prepared projection optics in the outgoing radiation 
edge of a light guide, the path of the optical outgoing radiation section is not expanded. For this 
reason, also when the path clearance of the work piece which is an irradiated object, its 
carrying-in device, etc. is small, it becomes possible to make the optical outgoing radiation 
section approach a work piece. Moreover, even if the distance from the outgoing radiation 
section to a work piece becomes large, light without "extract inside" can be irradiated. 
Therefore, even if it can adjust exposure conditions easily and the quality of the material and the 
class of work piece change irrespective of the merits and demerits of the distance from an 
outgoing radiation edge to an irradiated plane, it can respond free to the exposure condition. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] In order to cancel this phenomenon "extracted 
inside", it is possible to condense the light which carries out outgoing radiation from the outgoing 
radiation edge of a light guide to an irradiated plane in projection optics, and to irradiate the work 
piece arranged at the irradiated plane. In this case, since the illumination distribution of the 
outgoing radiation edge of a light guide is projected on an irradiated plane in projection optics, 
while being able to irradiate light efficiently to the field which needs an exposure in an irradiated 
plane, the phenomenon of illumination distribution ''extracted inside" is cancelable. 
[0009] Using the lens unit which combined two or more lenses as the above-mentioned 
projection optics for JP,64-75067,A is indicated. Drawing 3 shows an example of the lens unit LU 
which consists of the 1st lens LI and the 2nd lens L2, the lens unit LU is attached in a light 
guide outgoing radiation edge, and the optical exposure section is constituted. In drawing 3 , the 
light which carried out outgoing radiation from the outgoing radiation edge Fou of a light guide F 
has fixed breadth according to the numerical aperture NA of the optical fiber which forms a light 
guide F. for example, the case of the optical fiber made from quartz glass — numerical-aperture 
NA= — it is about 0.22 and the angle of divergence in the air is equivalent to about 12.7 degrees. 

[0010] Here, if the lenses LI and L2 of the lens unit LU are brought close to the outgoing 
radiation edge Fou of a light guide F, the scale factor projected on an irradiated plane by the lens 
unit LU will become large. That is, since the projected area in an irradiated plane becomes large, 
the illuminance of the whole exposure field becomes low. Therefore, in order to irradiate a 
narrow field with a high illuminance, only predetermined distance needs to separate the lenses LI 
and L2 of the lens unit LU from the outgoing radiation edge Fou of a light guide R And in order 
to use effectively the light which carried out outgoing radiation from the outgoing radiation edge 
Fou of a light guide F, most light which spread in about 12.7-degree above mentioned angle of 
divergence must be condensed with a lens, but for that purpose, as shown in drawing 3 , it is 
necessary to enlarge the diameter of a lens of the lens unit LU. For this reason, the diameter of 
a lens unit containing the holder H holding a lens becomes quite larger than the path of a light 
guide F, and the configuration of the optical outgoing radiation section is enlarged. In addition, 
since it is necessary to lengthen distance from the outgoing radiation edge Fou of a light guide F 
to a lens also when lengthening distance of a lens and an irradiated plane, as described above, a 
lens system becomes large and the configuration of the optical outgoing radiation section is 
enlarged. 

[0011] Although the fixture for fixing a work piece may have enclosed the surroundings of it in 
actual optical exposure processing or it may be located in the inside where the part which 
irradiates light was surrounded by other components mounted in the substrate Anyway, if the 
configuration of the optical outgoing radiation section is large-sized, the optical outgoing 
radiation section cannot be made to be fully able to approach the part which irradiates the light 
of a work piece, and cannot be irradiated, but there is fault which cannot obtain desired 
irradiance. 

[0012] Then, this invention aims at offering the light irradiation device [ it is possible for the path 
of the optical outgoing radiation section not to be enlarged, to make the optical outgoing 



radiation section approach a work piece, and to carry out an optical exposure with high 
irradiance, and ] which there is "no extract inside'' even if the optical outgoing radiation section 
and a work piece are separated, and can carry out an optical exposure efficiently. [ of the light 
irradiated by the irradiated plane ] 
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MEANS 



[Means for Solving the Problem] In order to attain this purpose, invention of claim 1 Condense 
the light emitted from the discharge lamp by the mirror, and incidence of the light which 
condensed is carried out to the incidence edge of the light guide arranged on the optical axis of 
a mirror. In the light irradiation device which irradiates the work piece which condensed the light 
which carries out outgoing radiation from the outgoing radiation edge of a light guide to the 
irradiated plane according to projection optics, and has been arranged at the irradiated plane It 
has the spherical surface with the same radius of curvature to both ends, and projection optics 
consists of a rod lens by which the incidence edge has been arranged by approaching the 
outgoing radiation edge of a light guide, and the planoconvex or the biconvex lens arranged by 
approaching the outgoing radiation edge of this rod lens. Moreover, the both ends where the 
incidence edge has been arranged by approaching the outgoing radiation edge of a light guide 
constitute this projection optics from a rod lens of the spherical surface, and invention of claim 2 
makes the radius of curvature of the spherical surface of the outgoing radiation edge of a rod 
lens smaller than the radius of curvature of the spherical surface of an incidence edge. 
Furthermore, invention of claim 3 uses the light irradiation device equipped with the projection 
optics constituted as mentioned above, in order to harden ultraviolet curing mold adhesives. 
[0014] 

[Embodiment of the Invention] Below, based on a drawing, the gestalt of operation of this 
invention is explained concretely. Drawing 4 is the sectional view of the example of the optical 
outgoing radiation section of invention of claim 1. That is, the light source part of the light 
irradiation device of this invention is as being shown in drawing 1 , and has structure which the 
point of the light guide F of drawing 1 R> 1 shows to drawing 4 . In drawing 4 , it arranges and a 
light guide F bundles many optical fibers which consist of quartz glass so that the location in the 
incidence edge Fin of each optical fiber and the location in the outgoing radiation edge Fou may 
become random. The side face of the outgoing radiation edge Fou of this light guide F is covered 
by the joint FJ which is tubed hardware, and the tubed electrode holder H is joined to Joint FJ. 
And in the electrode holder H, the rod lens 40 and plano-convex lens 50 made from quartz glass 
which work as projection optics are held. Here, it is somewhat large in whether the outer 
diameter of a rod lens 40 and a plano-convex lens 50 is almost equal to the diameter of 
convergence of an optical fiber. The example of the diameter of convergence of an optical fiber 
is phi3.5mm, and the outer diameter of Joint FJ is phi9mm. The outer diameter of a rod lens 40 
and a plano-convex lens 50 is [ whether it is the same as phi3.5mm, and ] a little large extent 
therefore — without it makes the outer diameter of an electrode holder H larger than the outer 
diameter of Joint FJ — projection optics — **** — since things are made, the outer diameter 
of the optical outgoing radiation section is not expanded. 

[0015] The both ends of a rod lens 40 are the spherical surfaces, and another [ the plane of 
incidence to which one edge carries out incidence of the light from a light guide F. and ] edge is 
an outgoing radiation side which carries out outgoing radiation of the light which carried out 
incidence. The plane of incidence of a rod lens 40 is approached and prepared in the outgoing 
radiation edge Fou of a light guide R That is, the plane of incidence of a rod lens 40 contacts the 
outgoing radiation edge Fou of a light guide F, or is held at intervals of [ short ] less than 1mm. 



Radius of curvature R1 of the plane of incidence of a rod lens 40 Radius of curvature R2 of an 
outgoing radiation side It is equal, moreover, the radius of curvature of a plano-convex lens 50 
prepared in the outgoing radiation side side of a rod lens 40 — R3 it is — this radius of 
curvature R3 and the radius of curvature R1 (= R2) of a rod lens 40, and the optical-axis lay 
length of a rod lens 40 are designed according to the distance d to the irradiated plane which 
makes the light which carried out outgoing radiation of the plano-convex lens 50 condense. In 
addition, a plano-convex lens 50 may be a biconvex lens. 

[0016] Although drawing 5 shows the example of the optical outgoing radiation section of 
invention of claim 2, in the electrode holder H, only the rod lens 40 with it is held [ an outer 
diameter almost equal to the diameter of convergence of an optical fiber or and ] [ somewhat 
larger ] The both ends of a rod lens 40 are the radius of curvatures R2 of an outgoing radiation 
side, although it is the spherical surface like the case of the 1st example of the above. Radius of 
curvature R1 of plane of incidence By making it small, it can make it unnecessary to prepare a 
convex lens in the outgoing radiation side of a rod lens 40. And radius of curvature R1 And R2 
The optical-axis lay length of a rod lens 40 is designed according to the distance d to the 
irradiated plane which makes the light which carried out outgoing radiation of the rod lens 40 
condense. 

[0017] Although a deer is carried out, incidence of the light condensed by the mirror 20 will be 
carried out to the incidence edge Fin of a light guide F and outgoing radiation will be carried out 
from the outgoing radiation edge Fou of a light guide F if the discharge lamp 10 shown in drawi ng 
1 is turned on and Shutter St is opened As shown in drawing 6 in invention of claim 1, the light 
of the outgoing radiation edge Fou of a light guide F which carried out outgoing radiation from 
the optical fiber of a center section mostly If the maximum outgoing radiation include angle is 
made into 12.7 degrees (equivalent to about 0.22 of NA of a fiber), it will be refracted by the 
plane of incidence of a rod lens 40. and the outgoing radiation side of a rod lens 40 will be arrived 
at with breadth at the include angle of about 8.6 degrees. And outgoing radiation is carried out as 
a light almost parallel to an optical axis from the outgoing radiation side of a rod lens 40. On the 
other hand, since the plane of incidence of a rod lens 40 is a spherical-surface configuration, the 
light which carried out outgoing radiation from the optical fiber of the periphery of the outgoing 
radiation edge Fou of a light guide F is refracted in the direction of an optical axis of a light guide 
F, carries out incidence to a rod lens 40, and reaches the outgoing radiation side of a rod lens 40 
with breadth at the include angle of about 8.6 degrees after that And it laps with the light which 
carried out outgoing radiation from the center section of the light guide F in respect of the 
outgoing radiation of a rod lens 40, and outgoing radiation is carried out from the outgoing 
radiation side of a rod lens 40 at the include angle near 12.7 degrees to an optical axis, in 
addition — a rod lens — 40 — inside — an angle of divergence — whenever — theta — 
' (about 8.6 degrees) — a rod lens — 40 — the quality of the material — it is — quartz glass — 
a refractive index — n — ' (= 1.47) — air — a refractive index — n (= 1) — air — inside — an 
angle of divergence — whenever — theta (1 2.7 degrees) — from — a Snell's law 
(nsintheta=n'sintheta') — being based — it can ask . 

[0018] In order to use light most efficiently, as shown in drawing 6 , as for the light which carried 
out incidence to the rod lens 40, it is desirable to spread into the outgoing radiation flat-lapped 
cup of a rod lens 40 in the peripheral face of a rod lens 40. Then, since the quality of the 
material is quartz glass, and whenever [ angle-of-divergence ] is about 8.6 degrees when a path 
is phiS.Smm, the die length of a rod lens 40 is better than about 12mm or 12mm to make it a 
short jar a little. 

[0019] The light which carried out incidence of the light which carried out outgoing radiation from 
the outgoing radiation side of a rod lens 40 to the plano-convex lens 50, and carried out outgoing 
radiation from the plano-convex lens 50 is the radius of curvature R3 of a plano-convex lens 50. 
It is based, and it is refracted and condenses to the optical exposure side of the set-up location. 
Here, the distance d from a plano-convex lens 50 to an irradiated plane is equivalent to the focal 
distance of a plano-convex lens 50. That is, a rod lens 40 and a plano-convex lens 50 commit 
the projection lens which projects the illumination distribution of the outgoing radiation edge Fou 
of a light guide F on an Irradiated plane. Moreover, the illuminance distribution of the outgoing 



radiation edge Fou of a light guide F is equalized by the effectiveness of the random arrangement 
of an optical fiber. Therefore, by work of a rod lens 40, even if it lengthens distance d from the 
outgoing radiation section to an irradiated plane, ''extract inside'' does not arise in the 
illumination distribution of the exposure field in an irradiated plane. 

[0020] Drawing 8 shows the irradiance distribution curve of the above-mentioned example which 
prepared the projection optics which consists of a rod lens 40 and a plano-convex lens 50 in the 
outgoing radiation edge Fou of a light guide F. and the conventional example shown in drawing 1 
which does not prepare projection optics in the outgoing radiation edge Fou of a light guide F. 
Although the irradiance distribution curve in case the distance d from a plano-convex lens 50 
thru/or the outgoing radiation edge Fou of a light guide F to an irradiated plane is 15mm and 
20mm was searched for, the rod lens 40 and the plano-convex lens 50 were designed as the 
aforementioned distance of d= 15mm. Moreover, the diameter of convergence of an optical fiber 
is phi3.5mm. 

[0021] The phenomenon "extract inside" in any [ d= 15mm and d= 20mm ] case was not 
accepted for this example so that drawing 8 might show. And since light was condensed by the 
irradiated plane which is d= 15mm, the illuminance of this example of an exposure field center 
section was much larger than the conventional example, and the sharp distribution curve was 
acquired. The illuminance of an exposure field center section being not only lower than this 
.-example but the phenomenon on the other hand, ''be extracted inside" in the conventionah • • 
example in the case of d= 20mm was seen. 

[0022] Although drawing 7 shows one example of the optical-path Fig. of invention of claim 2 
which does not use a plano-convex lens 50, it is the same as drawing 6 which shows the optical- 
path Fig. of invention of claim 1 until the light which carried out incidence to the rod lens 40 
arrives at an outgoing radiation side. However, radius of curvature R2 of the outgoing radiation 
side of a rod lens 40 Radius of curvature R1 of plane of incidence Since it is small, light is 
refracted more greatly than the time of incidence, and outgoing radiation of it is carried out from 
a rod lens 40, and it condenses to the optical exposure side of the set-up location. That is, since 
a rod lens 40 commits the projection lens which projects the illumination distribution of the 
outgoing radiation edge Fou of a light guide F on an irradiated plane, it is and "extract inside" 
does not produce the same effectiveness as having used the plano-convex lens 50 in the 
illumination distribution of the exposure field in an irradiated plane. And since a plano-convex 
lens 50 is not used, components mark can be lessened, and since loss of the light by reflection 
or absorption decreases, an illuminance becomes high. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Dra wing 1] It is the explanatory view of a light irradiation device. 
[Drawing 2] It is the explanatory view of "extract inside" of illumination distribution. 
[Drawing 3] It is the explanatory view of the conventional example of the optical outgoing 
radiation section. 

[Drawing 4] It is the sectional view of the optical outgoing radiation section of invention of claim 

1. 

[Drawing 5] It is the sectional view of the optical outgoing radiation section of invention of claim 
2. 

[ Drawing 6] It is the optical-path Fig. of invention of claim 1 . 
[Drawing 7] It is the optical-path Fig. of invention of claim 2. 
[Drawing 8] It is an irradiance distribution curve Fig. 
[Description of Notations] 

1 0 Discharge Lamp 

11 Cathode 

12 Anode Plate 
20 Mirror 

30 Attachment Component 
40 Rod Lens 
50 Plano-convex Lens 
F Light guide 

Fin Incidence edge of a light guide 

Fou Outgoing radiation edge of a light guide 

FJ Joint 

H Electrode holder 
St Shutter 
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j6-rs/c«)©?&ft*i^-©jiir)4ia-5T:i>fco. jfe^jsw 
^SSiS^«sS«t(c|^;Sh;f^«ii©3SS(clSi;tiy&4)m 

mvL-^mm.t^xmirhctifix^'r. mm 

[0012] ^cr^isnii, 31&tHlt«©s«t:^{kt 
iigg[7jgMatrec&«iqjte-cftD. tic. m\tmt 

[0013] 

lBl/fc9-<Fi!f-fF©AW«a{cAI*U ^AYH^m 

«WU AlijgiAt^'f F©tBlt«S(Cj!cSltreiS 
$*iA:B» Fl/>Xi. C©nv FP>X©m«ja{cja 
«l/-CKgSnytWi«fcttMi!!iU>Xt'C«>3i^S. 

ii*®2c^e9B:. comm^^. }^ifi 

vAVii-i F©Hil*^{ciagbrg3gStiyt. MJS*i« 
S©o 9 F P>X-c«fiRb. a V F l/>X©ajltJS©S5 
iiioi!li$i^*ASi^©S{iii©ia$^J: 0 ^>/J^S < t 
h. E«:»n}^s©lH»», %^Hfi:fi8m^«« 

[0014] 

[%i39©llt&©«ffil] J»T(c. l9iB(cS-^l>r4:%i»© 
l^©)!^®^^^^:!^^}^^. 04 i9^1©» 

©)&|{E(!imS©Mm0ttHltCjRir£4s IS 

i©7-f F//-f FF©jt^ai»Ja4«:s^-r«iJi«:ft-9T 
04K*j(,>T._9:{j:^;drjlE.Ww.£SAaxfe. 
6<£«^f!©3!&7r„-^/1r*v iB^.©jfe2^i;i=©A. 

ipFj^ n {c«}it«fts^ (DKiaF o u tfcmi>m.ifi 

'^-<Yi)^ FF©tBlt^F 0 \x<J>m\tmji>>mxib 
*«^F J rSbnTfe 0 ^ gi^F J (c(gjiK©*^P 

«t^3«&?^»i LrM< :em.iiv^m>xi r, F U>X4 0 
*>J:CPHSl/>X5 0>W»JfSn"Ct->5. CCt?. 
FP>X4 OtJjtauMhU^XB OOVmnt^y 7 



(4) 

S 

4 0teJ:OfTOP>X5 0<D^^tt. <^3. SmmilSI 
S4fi^FJ©ii«J;»)«>:Act<^Sct«:<. K:^ 

to 0 1 5 ] O » KU>X4 o©MiSai^ii-c*»). - 

FW>X40©Ai*iS*9-f FFOlUlifJSlFou 10 
K2«l/TK»4. oSO. Of FU>X4 0©Altii 
h;tf-rFF©iBI^Fou(c«^«:»>. «>l/< 
»Imm«|^©St>|ffl|li"C«g^Snr(,>S. n^FU^ 
:^4 0(DAItfiOffi$^Rl <!:|lt34SOtt$l^R2 

itt^t < ssyt, o » F u>X4 0 <omi 

^HSRl < = R2 ) ia» FU>X4 0©)6W*|SI«!)S 

®*-c©ffiildK:t&DrKlf3ns. Tiai/V:^ 20 

[0016] g|5»iS3i8a2©l&l»©agtiiltSi»Dllt6^ 

Ka{cB{J^l/V»*>. ^t:*:t«&©ci9 FU>X4 0© 

»At0^3n-tC»S. 13 9 FU>X4 0©MiS»U:^ll 

i<;^W©«^&^flltc£iqB-Cjb<S:&i. tHam©iifi$ 
¥aR2 ?&Alf®©ft$¥SRi J:») MnS < ^SCi 
K<fc»). a » F P>X4 0©fflMffiJ{Ci!]iU>X*©tf S 

«)J:cm2 &ct9Fl/>X40©36llK^©fi$». ct 30 
9 F l/>X4 0 &ffiltl//c3K%«36Stf saMWiB*^ 

©i@iid(cf&cristti-dn<s. 
[00171 ViPbr, iaiK3«ttt«9>:/.io*iS 

^tf-r FF©i{is(iaF 0 nifihmthifi. mim\<m 
m 0 u©a«i*»*8iw«67 T -<^<-*>6ai*i/fc3te 

tt. 12.7- ( 7 T ^-'<-©N A©l*> 

0. 22Kffla) FU>X4 0©AI*1S 40 

"CfiBJrU «8. 6* ©IIBrciK*J0ft*»6Pt»FU> 
X4 ©©WWfflKSr*. n>FU>X4 0© 

9^ FJtf-f FFOWWflF 0 u©SiaSP©J67y ^-ft- 
«>i&til3l t /hjfeii. a 9 F W>X4 0 ©Aa^M^s^)^ 
ttr**©^. 9-^ Fi!/-fFF©3tlM35nSl«c®#rUTB 
»Fl/>X40{CA«t. *©«». »8. 6* ©ftg 
-cC;:»tO n 9 F l/>X4 0 ©tBItiiftclfrri. 
^UT, O9FU>X40©lHit1ifr9-{ F^-f FF© 
't)jl^&t{l»l/]!hj(^&S«cO. 5&M(cj^L-C12. 7 SO 
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• iCiSOftirCP 9 F P>X4 0 ©|fliiiB*>6WI«- 
S. O9 Fl^>X4 0«fC©l£3&J0ftae ' (iRj 
8. 6* )tt. O9 FU>X4 0©M®r*«e^J!/9 
^©HJf^n ' (= 1 . 4 7). S^©®»f$n (= 
1 ) . S««l»"C©K*JOII«e (1 2. 7- ) 3&»6. X 
*^l'©i*HiJ (ns i ne = n 'sine') tt:S-5l»-C 

[0018] j£«£t«>3ai$<fc < filffit-e?i:<{>(c». a 9 
Fl'>X4 0K:AI*l/fc3feJ*. 06{Cm"rJ:5{C. O9 
Fl/>X4 0©^JIIfflKafc*Ci&<. 09FU>X 

4 0©ffl«IB-*PKK*JSCi*ta*Ol», -tC-C. P 
9FP>X40©SSI*. tm*«:^5!f9XT?*0. S 
*J*3. 6mm©m^. mmn^im^. 6* T?** 
©t?. t^l 2mmj!;fh»l 2inmJ:0^9i)^2&<C-r& 
©*»J:(,». • 

[0019] l3 9FP>X4 0©i{WiiI«'6(ittttA:% 

». TOl'VXSOKAWU ¥flU>X5 0*>6tfJI4 
tyl^j&tt. WU>X5 0©ffl$i^R3 tcS-^tr^ra 
»rO. l»Sd«iA:ttiB©3imiiI(c||j(Sr^«. ctl-C. 
TOP>X6 0 *>^ajilflH*r©!E(id ttTO U>X 

5 0©)i^liil«:*i^-r*. -r&bfe. a9Fi/>X4 
0iTOU>X5 0*l. 9-/F^-fFFOWiiiSFou 
©]IS0iE»««»iS(»ieftcSU^d«ti^l/>X©lttt«t 
S. F:(f-r FF©ffll|iSFou©Bae^?S 
tt. *7 7 A~©9>3rAiB?«<!«a*fcJ: DJ^kS 

ft-sTv O9FP>X4 0©tt»K:J:0. IB 
m«'6imiS$'C©ffi[||d%s< tr^tiUBdastc 

(0 02 01 B18». 9-{F;tf-r FF©WI*JaFouR: 
0 9 Ft/>iC4 0*)J:oapau>X5 0«>6«c«|tU^ 

^*Kltfcira©IIJSR *JJ:CJf7-f Fi!/-^ FF©tt 

JN^F 0 u ix.tmm^mmtji\,m i (c^tte3ie0s© 
ftitJSKMnasistt. 3Hiu>x5 0fei,>u9-/F 
HA nomm^ o u«>6ti»iatii«'?©i£isd«ti 

/bW. 0 9 Fl/>X4 0*jJ:Wi!!iU>X5 0tt. UTIB 
©8Bllld"15mm£tTRIfl/%:. 

[0 0 2 1 1 BI8*»i&^*>«J:!>K. ;<^6i)Itt, d = 
15mm4»J:E;d = 2 0mm©lr>-rn©Ji^i> Fifijle 

3&Jd = 1 5 mm©|!afflltM{cSBesne©r. Mimii 
*ftg|5©m*JfWIIJ:0«>roi:*ct<. j/i'-':/* 

[0 02 2]g|.7». ¥au>X5 0«i£«0«t(,»§|:^ 

m2m^<i>misi<i>\m^mifi. 09fp>x4o 

«©jglI8H«^'ri96£@C'CjbS. 09 Ft/ 
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{0 02 31 [gie]il^lO$6l3S(i!>jyS@-C4b^. 

*J:A:Sf<«:-3T(r>ft:*J. Kasi®4JBIfr^©^*V>0 7 20 4 0 n»HP>X 
mcir^CtifiX^i. «eoT, 9-^ POHiltiS Fin 9-/ F©AI«S 
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